The physiology and genetics of CO2 concentrating mechanisms in model diatoms.
Diatoms, a diverse and ecologically-important group of unicellular algae, use a CO2 concentrating mechanism to enhance the performance of RubisCO and overcome the limited availability of CO2 in their habitats. The recent development of genetic manipulation techniques for the model diatoms Phaeodactylum tricornutum and Thalassiosira pseudonana and the sequencing of their genomes have enabled the rapid identification of genes involved in their CO2 concentrating mechanisms (CCMs). These include numerous carbonic anhydrases (CAs), which are localized to distinct subcellular compartments in the two diatom species, and putative bicarbonate transporters, one of which has been functionally characterized. New physiological data on the P. tricornutum CCM are consistent with this molecular data and suggest that the major driver of the CCM is a 'chloroplast-pump' that actively transports bicarbonate into the chloroplast. In T. pseudonana, the localization of a CA in the chloroplast stroma presents a paradox as this would be expected to impede function of a biophysical CCM, though the recent proposal of a modified C4 CCM offers a potential explanation.